Background: Availability of data on health and its determinants at the local area level is a prerequisite for developing interventions and public health campaigns locally. Collecting self-reported data by means of telephone interviews may rapidly provide relevant data. The reliability of such data may be questioned. In this study, we sought to compare exact similar questions addressed by a recent telephone survey with a previous large scale and very comprehensive population health survey (The Nord-Trøndelag Health Study 2006-08 -HUNT3), conducted a few years earlier in the same geographical region. This was done in order to examine the reliability of telephone interviews as a method to provide data on health and determinants to enable municipal authorities to get a sufficient overview. Methods: One rural and one urban municipality covered by HUNT3 using paper questionnaires were resurveyed through computer assisted telephone interviews. The weighted results for 34 dichotomized variables were compared using chi square tests. Results: The comparison of results between the rural and the urban samples and HUNT3 involved 68 chi square tests, 25 of which (38%) displayed significant differences. The ability of the telephone survey to replicate the results from HUNT3 was only moderate, but with differences between survey themes. Comparability was poor for adverse life events and mental health factors, fair for behavioural and risk factors, and skewed for general health and life satisfaction. The replication was good for reports on the less sensitive and subjective theme of cultural participation.
BACKGROUND
The Norwegian health care reform, known as the Coordination Reform, decentralised responsibilities for health care to the municipal level from 2011, and increased the emphasis on preventive health care. The reform was implemented in order to counter the challenges to economic sustainability from demographic changes and changes in epidemiology [1] . Under the Public Health Act of 2011 [2] and associated regulations [3] , Norwegian municipalities (and counties) are required to maintain an overview of public health as a basis for health care planning and long-term efforts in public health. Every four years, each municipality is to work out an overview report as part of the basis for its planning strategy. Access to data on health and health determinants at the local area level is a prerequisite for developing targeted interventions and public health campaigns locally. In a knowledge-based approach to public health, there is a demand for data on lifestyle (habits), risk factors and health that can be broken down to regional and local overviews. Access to better data would improve the conditions for implementing targeted measures, and make it possible to evaluate the effect of these measures undertaken by municipalities and counties as intended in the reform [4] .
While data from comprehensive regional health surveys are utilised to some extent in municipal planning in regions where they are available and recent, conducting a full-scale public health survey is not usually feasible for municipal planning purposes. Among the several statistical sources available today, data from registries like the Cancer Registry of Norway, the Norwegian Prescription Database and others are broken down and used in the municipal overview documents. The surveys among youth, conducted with coverage for all or selected schools, also provide useful information for public health overviews. However, the samples for the national health surveys are limited, and results cannot be broken down to small geographical areas. The available registry and survey data constitute an inadequate basis for planning, as they can be outdated, not sufficiently valid for the purpose, and provide too limited information about self-assessed health, health behaviour and risk factors. There is thus reason to consider several available options for sample surveys in municipalities. Either the commonly used methods rely on an interviewer to administer questions through face-to-face interviews or phone interviews, or they rely on self-completion by respondents. Self-completion questionnaires can be administered as pen-and-paper questionnaires, often by mail, or as computerized questionnaires that can be administered through the web. Face to face interviewing may be desirable, and has been regarded as a golden standard survey mode [5] . It is to some extent used and thus within reach for health surveys, but it would be prohibitively expensive for municipal planning purposes.
Collecting self-reported data by means of telephone interviews may provide a rapid and convenient source of data that enable local authorities to get sufficient overview of public health if combined with data from registries and national statistics. However, the reliability of such data may be questioned since responses collected by different modes of data collection may differ. Brøgger et al. [6] compared telephone and postal survey modes on respiratory symptoms and risk factors, by resurveying 1% of a survey sample by telephone with a lag of six months. A moderate effect of survey mode was found, with effects depending on the specific questions asked. Christensen et al. [7] examined self-administered questionnaires from two general population health surveys with identical questions to those of an interview-based survey through multiple logistic regression. Here, factual questions with simple answer categories were found to be more comparable across modes than indicators based on questions that involved assessments that are more subjective. Tipping et al. [8] compared data sets from face-to-face interviews and self-completion questionnaires and selfcompletion questionnaires administered in different contexts. Weights were applied to the results before they were compared by chi-square tests and two tailed t-tests. The results indicate that some data collected through the two modes can be combined safely, but differences likely to reflect mode factors were present. Differences appeared especially in the collection of complex data, while answers to questions with simple answer categories were more comparable. Feveile et al. [9] conducted a randomised trial of mailed questionnaires versus telephone interviews in Denmark. Responses reporting health behaviour were analysed for extreme responses, but no significant differences found. In the majority of the mode sensitive selfassessments of health and well-being, a more positive reporting was identified among telephone respondents through chi-square tests. Research on mode effects on sensitive issues tends to emphasise the presence or absence of an interviewer as a significant factor in affecting mode-related bias [10, 11] .
In the present study, we sought to compare exact similar questions addressed by a recent telephone survey (hereafter TS) with a previous large scale and very comprehensive population health survey, the Nord-Trøndelag Health Study in 2006 -2008 , conducted a few years earlier in the same geographical region. The objective of this study was to examine the reliability of telephone interviews as a method to provide data on health and determinants to enable municipal authorities to monitor public health.
METHODS

Data and participants
The HUNT Study, which is an acronym for The NordTrøndelag Health Study in the Norwegian language, is a large population database for medical and health research [12] . Three health surveys of the entire adult population in a Norwegian county have been conducted: HUNT1 in -1986 , HUNT2 in 1995 -1997 and HUNT3 in 2006 -2008 . HUNT4 is in the data collection phase from 2017 to 2019. The HUNT Study now includes large total population based cohorts covering about 125000 participants. Data were collected through questionnaires and interviews, along with clinical measurements and biological samples. The major health surveys conducted in Norway, including the Tromsø Study [13] and HUNT [12] , have thus far chosen self-completion questionnaires administered on paper in the collection of data on self-reported health, behavioural and risk factors. Participation rates have been steadily declining, from 88% in HUNT1, to 71% in HUNT2 and lastly 54% overall in HUNT3. Whereas minor participation bias was reported in HUNT1 and HUNT2, a nonparticipation study conducted after HUNT3 found non-participants to have somewhat lower socioeconomic status, higher mortality and higher prevalence of several chronic diseases than the participants in HUNT3 [14] . The Regional Committee for Medical and Health Research Ethics (REC) has approved the HUNT Study, and all participants have provided written consent. The TS was approved by Regional Committee for Medical and Health Research Ethics (REK midt, 2013/1365/REK midt).
The telephone health survey constitutes one of four work packages in a cross-country collaboration project between Sweden and Norway on Political Decisions on Determinants -Research Area (PODD-RA). Eight municipalities were selected for the survey: three in the Swedish county of Jämtland, three in the county of Sør-Trøndelag and two in the county of NordTrøndelag in Norway. The two municipalities in the Nord-Trøndelag County, one rural with a population of 4122 persons (2010) and the other a small town with a population of 21080 (2010), have previously been surveyed in HUNT3. Questions in the TS were based on questionnaires from HUNT3 (Appendix), thus allowing comparability for these two municipalities. A total of 29 questions, with a number of sub-questions, were asked the respondents, rendering a total of 61 variables, and 34 of these variables were comparable with HUNT3.
Sentio Research Norge A/S, a commercial company specialized in doing telephone surveys, performed the data collection in the TS. The interviews took place in the last two weeks of November 2013, and each lasted less than 15 minutes. The need for an improved overview of the health of the inhabitants in the municipality, and testing whether telephone interviews could be used towards that end were mentioned as objectives in an introduction to the interviews. Further, it was explained that the survey was undertaken by the NordTrøndelag County Council, the Sør-Trøndelag County Council and the HUNT Research Centre at the Norwegian University of Science and Technology. The respondents also received information about how to contact available medical staff, should they feel a need for it. Information about the survey was also posted in advance on the websites of the surveyed municipalities.
Sample sizes of 400 adults out of 16750 (2013) for the small town municipality and 200 adults out of 3259 (2013) for the rural municipality were determined pragmatically, and with an eye to our budget. It was seen as favourable if sample sizes were possible to replicate within the means of Scandinavian municipalities, and a smaller sample size was chosen for small municipalities. A random list of private telephone subscribers controlled for the composition of mobile phones and landlines was generated. A sampling procedure was applied to achieve a stratified sample, controlled for the population composition in terms of age group and gender as of 2013 for each municipality. An automated calling system pulled and dialled new numbers randomly from this list until the targets for age and sex categories were reached. No repeat call attempts were made, so that those members of the sample that did not pick up the phone were substituted using reserve numbers from the same random list of subscribers until the targeted number of interviews had been made in each municipality. Some 81% of the numbers called were replaced with numbers from the initial sample. A total of 1000 individuals and 1300 individuals participated in Sweden and Norway respectively. With the 18% bad numbers in the list of randomly selected landline and mobile telephone subscribers excluded, the participation rate in Norway was 23%. The HUNT3 participation rate in the two municipalities was 55.9%. The cost of the TS was c 165NOK (£18) per interview, corresponding to c 33000 NOK (3600£) for a small municipality and 66000 NOK (7200£) for a larger.
Analysis
All variables were dichotomized and comparisons were made based on weighted estimates taken from HUNT3 and the TS. These weights correct for unequal selection probabilities and the effects of differential non-response. The surveys were weighted separately using the same weighting procedure, which corrected for differential responses by age and sex in each municipality. Both samples were weighted with reference to the composition of the population in each municipality at a date at a midpoint between the surveys. Both samples are thus similar in terms of age and sex profiles in each municipality. Item non-response was negligible in the TS, but more noticeable in the HUNT3 survey. The survey estimates are based on valid estimates only and no attempt has been made to impute missing data. For each comparison, the missing responses were excluded. The analyses were carried out using chi-square tests, and P-values <0.05 (two-tailed) were considered to be significant. The analysis was done in SPSS version 23. Table 1 shows the relative distribution of basic characteristics for HUNT3 and the rural and the urban sample drawn for the TS.
RESULTS
Descriptive
General health, pain and life satisfaction
Identical questions were asked of general health, bodily pain and general life satisfaction in the TS and in HUNT3. As shown in table 2, the urban TS displayed a significantly lower frequency of poor selfrated health, of long standing limiting illness and of current bodily pain of more than six months' duration than found in HUNT3. The results for these questions did not differ significantly between the rural TS sample and HUNT3. Regarding the experience of strong bodily pain during the last four weeks, the differences were not significant. The proportion rating their own general life satisfaction as poor did not vary significantly between HUNT3 results and the two TS samples. 
Lifestyle, behaviour and risk factors
Several lifestyle-, behavioural and risk factors were examined by asking the same questions, with results shown in table 3. The prevalence of both overweight and obesity found in HUNT3 was significantly higher than in the urban and rural TS. HUNT3 included clinical examinations in addition to questionnaires, and obesity and overweight were not self-reported as in the TS, but calculated from measurements of height and weight. Self-reported use of blood pressure medication was significantly higher in the TS than in HUNT3 for both TS samples. The self-reported prevalence of high glucose was higher in the rural TS sample than found in HUNT3, but not significantly higher in the urban TS. Reported smoking and frequent alcohol consumption was not significantly different from HUNT3 in the two TS samples.
Psychological factors
The psychological risk factors from several possible adverse life events were examined (table 4) , as well as several mental health indicators. The proportion recalling having experienced the death of relatives during the last year was significantly higher in the rural and urban TS than in HUNT3. The proportion reporting having had a troubled childhood was also significantly higher in both TS samples. The breakup of marriage or cohabitation during the last year was reported less frequently in both TS samples. Participants in the rural TS were more likely to report having ever been supressed or humiliated than the participants in HUNT3, but the reports of the urban TS participants were not significantly different. Few people reported having been in a life-threatening situation last year, and the differences were not significant. Mental health factors related to mood were also examined through asking the same questions, with results shown in table 5. The proportion reporting having been nervous or distressed during the last two weeks was significantly higher in the rural as well as the urban TS than in HUNT3. Fewer respondents reported not having felt safe and calm in the urban TS than in Table 5 . HUNT3, with no significant deviation in the rural TS. A higher proportion of people had felt annoyed in the urban TS than in HUNT3, but there was no significant deviation in the rural TS. Fewer people reported not having felt glad and optimistic in the urban TS than in HUNT3, with no significant difference for the rural TS. A higher proportion of people in the rural TS reported having felt lonely in the last two weeks than in HUNT3, but the urban TS did not show a significant difference. The proportion reporting having been bothered by anxiety in the two TS samples did not deviate significantly from the HUNT3 results.
Cultural participation and community
The respondents were asked the same questions about their attendance at cultural events during the last six months, and questions relating to their perception of community quality, with results as shown in in the TS were significantly less likely to report dancing activities. For the proportion reporting having taken part in the activities of an association, having performed music, or engaged in singing, there were no significant differences between the samples. For the proportion engaged in outdoors activities and exercise and sports, there were no significant differences.
Summary according to survey themes
The comparison of results on 34 variables between the two HUNT3 samples and the two TS samples involved 68 chi square tests. Significant differences were found in 25 of these (38%). Figure 1 shows a varying proportion of significantly diverging answers for the six themes in the surveys.
DISCUSSION
The comparison of results on 34 variables between the two HUNT3 samples and the two TS samples involved 68 chi square tests. We found significant differences in 25 (38%) of these with a 5% level of significance. However, with the large number of tests the likelihood of rejecting a true null hypothesis increases (a Type I error). When we accounted for multiple testing by the Benjamini-Hochberg test at a 10% false discovery rate, the overall number of significant differences was reduced from 25 to 19 (28%). The overall ability of the TS to replicate the HUNT3 results was thus only moderate. The comparability of the results appears to vary between themes examined through the two survey modes as shown in Figure 1 . A higher proportion of significant deviations in the urban TS than in the rural TS can be ascribed to the difference in sample size.
Strengths and limitations of this study
The long time lag of nearly seven years, from JanuarySeptember 2007 to November 2013, between HUNT3 and the TS is a limitation, because changes over time can compete with mode effects related to social desirability and acquiescence in the explanation of differences between the survey results. We are fortunate to have knowledge of several trends across NordTrøndelag County based on time series data from HUNT, and these are likely to have continued to some extent between HUNT3 and the TS [15] . (Some results from HUNT and registry data for municipalities in Nord-Trøndelag have been made accessible to the public in an atlas available from https://vev.medisin.ntnu.no/atlas/voksenhunt/atlas.html .) Trends discussed further in relation to individual and groups of variables in the discussion of findings below. The sample sizes are small and unequal, as they were adapted to the funding capacity of a small and a larger municipality. A smaller sample size and multiple tests increase the risk of spurious findings, which is why the authors avoid basing the analysis on results for individual questions.
The substitution of non-respondents with new phone numbers from the initial sample, without making one or more additional call attempts, may have increased the risk of self-selection bias. This is not primarily due to the sampling procedure itself, but through the contribution to a high level of nonresponse in the TS. The availability and the willingness to respond to a phone call may vary according to a range of factors that are unevenly distributed. The associated risk of a skewed sample is increased through a procedure with a single attempt to call. Sending a letter in advance to introduce the study to the respondents could also have lowered the level of nonresponse further. The high level of nonresponse increases the risk of sampling error, where non-respondents may differ systematically from respondents with respect to other factors than those adjusted for by applying age and gender weights, including socioeconomic factors such as education, income or occupation, as well as health factors.
Discussion of findings
Regarding general health, pain and life satisfaction, agreement appears to be fair when the chi-square tests are tallied for subject themes, but when the direction of the significant deviations are taken under consideration, the results appear to be systematically skewed. There is less likelihood of reporting poor self-rated health or any long-standing limiting illness when interviewed on the phone. The significant differences for the urban sample may be lacking in the rural sample due to the smaller sample size. The differences appear to reflect a social desirability bias in telephone interviews regarding self-assessed health and well-being as previously reported by Feveile et al. [9] . For self-rated health, there was a significant decline in the proportion with poor self-reported health for the urban municipality from HUNT3 to the TS. The trend from HUNT2 to HUNT3 across Nord-Trøndelag was an increase in the proportion reporting good or very good health. There were some exceptions, as the latter trend was not present among the young adults, and reversed for women under 40 years [16] . Relating the finding for self-rated health to a broader trend would not be supported for the small town municipality, as the trend was not present in the HUNT data.
For lifestyle, behavioural and risk factors, the agreement was fair. The differences in the risk behaviours, reported smoking and frequent alcohol use, were small and do not show an accentuated social desirability bias. The HUNT3 data on obesity and overweight were gathered through clinical measurement and not through the questionnaire. The differences in overweight and obesity are thus examples of differences not between two modes of self-reporting, but rather between clinical measurement and selfreporting through telephone interview, where weight is underestimated and height overestimated in telephone interviews as previously described by Paccaud et al. [17] . There was a higher prevalence of high glucose and use of blood pressure medication in the TS than in HUNT3. This agrees with the authors' expectations of increasing trends based on knowledge of the trends across Nord-Trøndelag county from HUNT2 (1995-97) to HUNT3 (2006-08) [18, 19] . From the overview of trends from the HUNT data [15] , we would expect a continued decline in daily smoking, while the increase in total alcohol consumption as well as the increase in problematic alcohol consumption seen from HUNT2 to HUNT3 may have continued. Increases over time in the prevalence of known diabetes reported in interviews, and seen in registry data on the use of medication for diabetes, are associated with increases in overweight and obesity as important risk factors. Trends in smoking and high glucose were not confirmed through significant differences between HUNT3 and the TS. The use of blood pressure medication increased from HUNT1 (1984-86) to HUNT3 . Increases in the use of blood pressure medication found in the small town and the rural municipalities may well reflect a continued trend.
Concerning adverse life events, comparability was poor. When the TS respondents were more likely to recall the death of a relative during the last year, but less likely to recall the breakup of marriage or cohabitation, the deviations appear to lack a clear direction. The TS came up with declines from HUNT3 in the proportion of respondents reporting break up in marriage or cohabitation in both samples. From registry data [20] , there is a known moderate decline in divorces across the Nord-Trøndelag County in the period between HUNT3 and the TS. The association remains somewhat uncertain, as possible trends in breakup between cohabitants would not be registered.
The ability to replicate results on self-reported mental health factors was poor, with deviations lacking a clear direction. The exceptions were a relative stability in the reports on having been nervous or distressed, or having felt down or depressed during the last two weeks. A continued decrease in reported loneliness could be anticipated based on the noticeable decrease in reported loneliness from HUNT2 to HUNT3 for all groups except young men in Nord-Trøndelag County [16] . However, a significant increase in loneliness was found between HUNT3 and the TS for the rural municipality. Using the population size of the municipality as an indicator of centrality, Thorsen and Clausen [21] found only small differences in the proportion reporting loneliness in Norway.
There are indications of an increase in psychological disorders in data on sick leave and disability pensions, and in mental health problems from selfreported data from the level of living surveys of Statistics Norway after 2005. Negative scores have increased nationally among young females, and to a lesser extent among young males [22] . Skretting Lunde reported as early as 2001 of an increase in selfreported psychological symptoms in Norway. While the increase from 1985 to 1995 was influenced by the effects due to a shift in mode from phone interviews to paper questionnaires, the later increases were partly related to increased openness with regard to mental health [23] . In addition to changes in health, however, the increases in these indicators also reflect changes in how society is dealing with mental health [22] . Continued changes in attitudes towards mental health and adverse life experiences may make the themes less sensitive over time. This could lead to increased rapport, and a reduction in mode effects.
The results for the above themes contrast with the reports about cultural participation, both as a spectator and as a performer, where the replication between the surveys was good. The same applies to community quality. The reports on cultural participation are considered the least sensitive theme in the interviews, and fall within the simple and factual, where Christensen et al. [7] found agreement across modes, rather than the subjective and complex. A low but stable national trend in churchgoing was reported by Gilhus Mykkeltvedt [24] , based on European Social Survey data leading up to 2004. The trend may since have changed, as absolute numbers of attendances at mass on Sundays and holidays in the Nidaros Diocese in the Church of Norway declined by 15% between 2006 and 2013, as reported by Statistics Norway [25] . The latter observation makes the significant decline in visits to a church or house of worship in the urban municipality appear plausible, even if this covers a larger region and is limited to the single largest religious community by membership.
Social desirability bias is a well-known problem in psychology and health services research, where methods involving interviewers often give results diverging from methods that rely on self-completion. Acquiescence, a tendency to agree, and the related tendency to give a socially desirable answer are also well known [26] . The presence of an interviewer tends to have a negative effect on report on sensitive issues [7, 8, 10] . There is a pattern where reports on uncomplicated factual subjects relating to cultural participation appear stable from HUNT3 to the TS when compared with other subjects. The reports on the more sensitive topics of mental health factors and adverse life events involve subjective assessments or more stressful recall and deviate significantly, but without a clear direction. With lifestyle, behavioural and risk factors, the results appear to capture the continuation of increasing trends for diabetes and blood pressure medication, while the reported tobacco and frequent alcohol use is relatively stable. Self-assessed health and well-being do not show the highest proportion of significant deviations, but there is, however, a clear tendency for more optimistic self-assessments when interviewed on the phone. The pressure towards giving a more socially desirable answer when interviewed on the phone thus appears to affect subjective self-assessments more than the more factual reports on risk factors.
A general decline in the response rates in health surveys, and mode effects are central concerns in the choice of mode, together with the cost effectiveness of data collection and processing. One may want to consider offering incentives for respondents as a countermeasure in order to improve response rates. However, in addition to considering the general issues including implications for representativeness, the improvements depend on contextual factors that need consideration. There are indications that the effect of incentives may be comparatively weak in Norway [27] . The participation rates commonly achieved in telephone surveys have declined to the extent that nonresponse poses a serious threat to their validity. Phone coverage, initially through landlines, remained partial into the 1980s, but became near universal so that phone interviews could become a leading mode of data collection for a period of several decades [5] . The pace of change in access to communication technology and communication habits has increased since then. From the starting point of this study in 2006 to 2017, access to the internet has become near universal in Norway, with an increase from 79% to 98%. Access to a smartphone has become widespread, with 91% in 2017, and may soon become near universal [28] .
Modes relying on written responses, through traditional pen-and-paper questionnaires and web-based questionnaires, may be preferable due to the known interviewer effects influenced by sensitivity in health surveys. A mailed paper questionnaire still tends to return the highest response rate in recent studies, but the gains over choices including web questionnaires used either alone, or offered as an option in addition to pen-and pencil, can be marginal (i. e. within 3%) as reported by Hohwü et al. [29] . A test of modes in Denmark achieved a response rate of 53% with two reminders and an incentive offered in the web mode. The cost per respondent can be 40% [30] to 50% [29] lower in web surveys when compared to mailed questionnaires, and the results are usually more rapidly available. Given the rate of adoption of technology, web-based questionnaires may be an alternative to paper questionnaires in future surveys of public health in Nordic contexts [29] .
CONCLUSION
With a moderate overall ability of the TS to replicate the HUNT3 comprehensive health survey results, the reliability of the TS is moderate. The comparability of the data differs between themes. The difference can be ascribed to mode effects, and to some extent the time lag between the surveys. Based on the number of significant deviations in chi-square tests, replicability on issues that may be more embarrassing or stressful to recall appears to be poorer. When the direction in the deviations is considered, the more subjective selfassessed health and well-being appears to be skewed, with more positive scores in the TS. The best replication is found for cultural participation, which involves less subjective assessment and is less sensitive than the health and risk factors. It is reasonable to conclude that an interviewer effect is present in the TS, with different effects according to subject themes. The degree of privacy enjoyed by the informant while answering questions is likely to affect acquiescence and social desirability bias. The use of a questionnaire through mail or web to provide overviews of public health for municipalities should be considered as an alternative to telephone interviews. 
